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Abstract 
The following senior project was first introduced during a summer internship at a 
biomedical company called Asthmatx Inc. Asthmatx is responsible for the development 
and manufacturing of a catheter‐based device for moderate to severe cases of asthma. 
Upon the approval of FDA, Asthmatx had planned to ramp up their production capacity 
significantly in order to accommodate the potential growth.  
The first step in the process improvement was a facility reconfiguration that 
involved the adjustment of process sequencing and the implementation of ergonomic 
catheter channels. Next, time studies were conducted to gain more accurate time 
standards of the production process. After witnessing a learning curve for some of the 
individual process steps and making outsourcing decisions, the time standards were 
established and analyzed. The line was then balanced resulting in reduced cycle time 
and an observed decrease in labor necessary.    As a result of these changes, the travel distance was reduced by 140 feet per 
catheter from the facility reconfiguration. Line balancing reduced cycle time by 30 
minutes and decreased labor by 6 operators. The mentioned improvements had an 
associated cost savings amounting to just a little above a million dollars annually. 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Introduction 
Asthmatx Inc. is a start up medical device company based out of Sunnyvale, CA. 
They are responsible for creating a catheter device intended to help severe cases of 
asthma through a technology known as bronchial thermoplasty. In the summer of 2008, 
I had the opportunity to intern with the engineers and developers of the product. 
Working closely with the senior manufacturing engineer, we saw many potential aspects 
of improving the production process. Because the company was only producing for the 
purposes of research and development, the current state assembly line was fit for 
manufacturing in small quantities only when devices were needed. This small and 
sporadic demand rate was driven by the need to accommodate clinical studies and 
other testing procedures. The demand varied from month to month ranging from zero 
devices up to hundreds of devices at a time. However, with the prospects of preparing 
for a larger production schedule, management wanted to determine the possible 
options in support of the future growth of the company.  
The intention of this project is to provide improvements from an overall outside 
perspective. However, taking a deeper look into the intricate process of fabricating 
such a small product is necessary. Understanding the complexities of each workstation 
literally requires examination at a microscopic level, since much of the work is done 
under a microscope. Analysis to optimize the manufacturing process will include: 
• Time studies to standardize the process 
• Designing alternatives to the current state layout 
• Applying Lean practices into the system 
• Performing an economic analysis of alternatives 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• Creating better flow through production line 
 
Because the rate of demand is ever changing, as previously stated, the target 
capacity for Asthmatx in its future state ranges from 200 to 300 devices per week. With 
the final validation procedures in action, the forecast of becoming a commercially 
traded entity is not too far away. At the end of this project, I would like to make 
relevant recommendations to the company to support their efforts to grow as a 
company and to help those who can benefit from the product. 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Background 
Asthmatx, Inc. designs, manufactures, and develops half of the Alair System for 
the treatment of asthma. The other half is a controller intended to release thermal 
energy to perform what is known as Bronchial Thermoplasty.  
Company Background 
The company, Asthmatx, was founded in 2003 with the simple mission of 
“helping people breathe easier.” Today, Asthmatx’s main office currently employs 
around 45‐50 employees and is likely see growth in the near future. Highly regarded 
investors in the industry such as Charter Life Sciences, Boston Scientific, and Med 
Venture Associates back this catheter based medical device company. The Alair 
System, and Asthmatx in particular, was recognized with the “Best of 2006” award by 
Popular Science magazine. This is awarded to one hundred new products and 
technologies in numerous categories. In the growing industry that is the medical device 
field, Asthmatx show much promise on account of their numerous recognitions and 
positive results.  
 
The Product 
The catheter that Asthmatx produces is one component to a two‐part system 
that is known as the Alair System. The catheter is about three feet long with an 
expandable wire basket at the tip at the end. The basket consists of four arms that 
stretch to fit within the airway walls of the lungs (see Fig. 1). Once expanded, the basket 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delivers a restricted amount of thermal energy to heat the smooth muscle along the 
airway. The procedure is visualized by the flexible bronchoscope. 
           Figure 1. Expandable wire basket inside airways.  
Bronchial Thermoplasty is a relatively new approach to treating asthma. Most 
forms of asthma today are treated using drugs in the form of inhalants and pills, so this 
therapy is one of the first forms of non‐drug treatment. Using thermal energy, the 
procedure consists of inserting a flexible bronchoscope and wire contraption into the 
lungs to reduce the smooth muscle around the airways (see Fig. 2). Typically, those who 
suffer from asthma have more muscle tissue in these areas, so the reduction of the 
airways will change the lungs’ natural tendency to constrict. It has been proven in 
several clinical studies that the procedure leads to less constriction in the lungs, 
resulting in a decrease in asthma symptoms, as well as the frequency and severity of 
asthma attacks. 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 Figure 2. Example of bronchoscope used in the Alair System. 
The outpatient procedure takes about an hour to complete and is followed by 
observations by a medical professional. The procedure is minimally invasive in that 
patients are only sedated and no incisions are necessary. There are a total of three 
separate treatments, as each session treats one‐third of the patients’ lungs. Bronchial 
thermoplasty was named one of the “Top Ten Medical Innovations for 2007” by the 
Cleveland Clinic Foundation. To be considered for this award, the innovation must have 
a significant potential for short‐term clinical impact, have a high probability of success, 
be close to being introduced into the market, and have sufficient data to support the 
nomination. In other words, this therapy has proven to be highly effective and has the 
merits to support it.    
  In October of 2009, the Anesthesiology and Respiratory Therapy Devices Panel of 
the Medical Devices Advisory Committee to the U.S. Food and Drug Administration 
(FDA) voted to recommend that the device be found approvable with conditions based 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on the results of their studies. On April 27, 2010, Asthmatx received official approval 
from the FDA for the Alair® Bronchial Thermoplasty System. 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Literature Review 
 
 
Brief Lean History 
  Although the true origins of Lean Manufacturing are arguable, the basic 
foundations of Lean were first introduced by Henry Ford with the mass manufacturing 
production for their Model T automobile. The assembly line system supported a 
continuous flow of manufactured parts through value‐added activity. However, there 
were some underlying deficiencies in his version of the “push” system due to the 
overflow of both Work in Progress and finished stock once the inventory was pushed 
through.  
  These ideas were later refined by Toyota during a Post‐war effort to focus on 
mass production at low costs.  Today, the Toyota model of production is one that is 
followed and praised due to its efficiency as well as the low incidence of defects and 
overall reliability. On the contrary to the initial “push” system; a “pull” system was 
conceptualized to encourage pulling parts from previous steps compared to the usual 
batching technique. As the system in Japan continued to develop over a couple of 
decades, in 1990, a book called The Machine that Changed the World written by James 
Womack popularized the idea. He gave the name “Lean Manufacturing” to this system. 
“Thereafter the concepts were practiced allover the world. Experiences and knowledge 
vastly improved the system” (Badurdeen, 2009). 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Lean Manufacturing  
  The concept of Lean Manufacturing within Asthmatx was in the early stages of 
implementation in 2008. Because the company was still considered to be developing in 
terms of manufacturing, top priority was rather put upon validation and product design. 
Typically, in the medical device industry, “constraints experienced by this particular 
segment of the health care industry are particularly influential in driving product 
development and testing decisions” (Becker, 2006). However, with the potential of 
becoming a public company just around the corner, Lean slowly working its way into the 
daily process. 
  Lean principles are important for a growing company so that the basic 
procedures in executing Lean can be blended into the routine from an early stage. The 
practice of 5S, which promotes a clean and orderly workspace, is one area that is 
already emphasized in the catheter production line. For example, the 5S activity “shine” 
was already put in place by standard clean room practices to tidy up the area and 
maintain clean work surfaces and equipment. “Sort” was reflected in the clear labeling 
of parts and inventory on and off the production line. Because the components are 
extremely small in size, it is important to keep track of the parts at any given time. 
“Standardization” is the one 5S step that was not apparent in the small‐scale production 
line at Asthmatx. Due to the constant variation in demand, as stated before, the main 
concern was not to produce efficiently but instead to simply get the job done. For 
instance, on any given production run, catheters are produced at a varied rate with no 
particular sequence or flow through the line. 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 Standardization is the first step in work measurement. Determining the standard 
time to complete any given task can reveal important information from an operational 
standpoint such as: 
  ‐Developing production schedules 
  ‐Determining wage payment plans 
  ‐Estimating manufacturing costs 
  ‐Providing a base for estimating productivity increases 
  ‐Identifying employee training needs 
  ‐Appraising employee performance 
  ‐Justifying the addition of production capacity (Aft, 2000).  
 
Furthermore, the utility of standardization can help point out bottlenecks when paired 
with time study techniques. Conducting time studies is one of the oldest Industrial 
Engineering tools used today. When carried out correctly, the measurements taken 
from time studies determine productivity levels, as well as highlight areas of 
improvement.  
   
Implementing Lean: Case Studies 
  The road to thinking “Lean” is a team effort. Implementing Lean into a 
company’s methods cannot be effective unless all departments within the organization 
are on board. Because the main goals of Lean are, in essence, eliminating waste and 
reducing variability, there are sure to be many opportunities of improvement in R & D, 
inventory, accounting, and so on. “In order to change from a non‐Lean production 
system to a Lean production system, not just the primary operation should be changed, 
but also the supporting departments need to be modified and changed” (Farman, 2009). 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The concepts of lean production require the development of new skills and tend to 
make old ones obsolete. For example, in large, old‐fashioned companies, the methods 
to manufacture and maintain are sometimes difficult to break away from. At Gelman 
Sciences Inc, the reasons to improve were to reduce product cost and improve 
throughput and quality. All three metrics were obvious coming from the higher‐level 
perspective, but not as obvious to the shop floor (Liker, 2004).  For this reason, it is 
important to communicate throughout all levels of the company by educating all those 
involved. Effort from all angles within a company is crucial in that successful 
implementation relies on changed behaviors. 
  In comparison to a smaller start‐up, like Asthmatx, the steps to communicating 
Lean goals are much easier. In a company with less than fifty employees, the lines of 
communication are more direct. Also, adjusting to the new standards is not as 
detrimental to production routines because the process has yet to develop into a 
routine.  
  Another important aspect to achieve in becoming Lean is process flow. “Flow, in 
the ideal state, simply implies a seamless sequence of activity throughout the process, 
with no stalls, no disruptions, and no disconnects or backtrack loops” (Carrerira, 2004). 
Oftentimes, production must pull away from the tendency to batch and queue, which is 
the opposite of an integrated single‐piece flow system promoted by Lean principles. 
Creating a constant flow from one end of the cycle to the other creates a smaller 
amount of on hand inventory, in other words, holding costs. By increasing throughput 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and decreasing operational expenses, production is theoretically creating value. 
Maintaining flow within a production line is achieved through standardization, as 
mentioned previously. Standard process techniques help to determine cycle time as well 
as the time it takes for individual processes to be completed. Without these 
measurements, there is no baseline of comparison for the time it takes for any given 
process.  
  The applications of Lean discussed in this literature review are topics that have 
had little or no interface with the process at Asthmatx. As a start up venture, Asthmatx 
has a lot of potential not only in producing efficiently, but also in creating a product that 
will greatly benefit the lives of others. There are countless cases of severe asthma to be 
cured in the United States and around the world, shaping a large demand for the 
product that Asthmatx stands behind. 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Design 
  This section of the report will cover the steps taken to define the problem by 
developing a better understanding of the initial state of the product line capabilities and 
constraints. Also, the section will go through the design and assessments made to reach 
the solution for this project.  
 
Facility/Space Requirements   
The production line for producing the catheter device is done at a completely 
different location that specializes solely in clean room, medical device production. 
However, production for immediate release or testing can also be done at the onsite lab 
at the main Asthmatx location. While the onsite lab is capable of producing catheters in 
terms of space, it is easier to maintain the clean room requirements at the offsite 
location, Life Science Outsourcing (LSO). In addition, the technicians working at LSO are 
highly trained in complex processes of assembly such as soldering, heat shrinking, and 
other precise operations done under a microscope. Life Science Outsourcing is located 
in Brea, CA, so appropriate scheduling and travel was required in order to observe the 
catheters being made. 
  At Life Science Outsourcing, there are a total of twelve six feet by three feet 
workstation benches allocated for Asthmatx production use. In addition, there is a 
cleaning and packaging station within the clean room, and a boxing and sterilization 
  15 
station just outside of the clean room. Figure 3 represents a simple layout of the initial 
configuration of the product line.  
  Figure 3.  Initial LSO workbench layout 
Each workbench is set up with the appropriate equipment such as microscopes, heat 
guns, custom fixtures, and other table surface items. Also, the benches are equipped 
with an air ventilation system, along with a clean air filtration unit constructed 
underneath the workbenches. Because the device and the assembly steps to the process 
do not take up too much space, there is not a huge amount of space required for the 
process. The product itself does not require much space in terms of space volume, but is 
about three feet in length. The plastic exterior tube that encloses the thermocouple 
wires and the rest of the internal mechanism is delicate and should be kept off the 
ground to avoid damage or possible contamination. Upon my arrival as an intern at 
Asthmatx, the production line at LSO had only been utilized for producing for clinical 
24 feet  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trials, research and development, and testing purposes. Therefore, the line was only 
occupied and running when there was a demand. Typical device builds would range 
from 30 to 60 catheters at a time.  
 
Facility Redesign 
  The initial layout of the production line at LSO was quite disorganized. The 
workstations for each particular process step were located randomly around the twelve 
main workbenches in use. Therefore, before any valid time studies could be taken, the 
layout of the production line required some adjustment.  As seen in Figure 1 in the 
Appendix, the workstation layout is currently arranged in a manner that requires a lot of 
unnecessary travel. The arrows represent the path that the catheter travels through 
each workstation, from the raw material stages to packaging.   From a manufacturing 
perspective, transporting the product excessively and not to mention backtracking, adds 
absolutely no value to the finished good. In addition, the time spent traveling adds to 
the overall cycle time, resulting in increased production costs and waste. The 
Manufacturing Process Instructions that were provided by Asthmatx and facility layout 
were analyzed to better understand the sequence of events that were necessary to 
produce a catheter. 
  To eliminate the excess travel, the manufacturing layout underwent a few 
changes as mentioned prior. First, the workstations were placed in a more sequential 
manner. Looking at the diagram of the current state (Figure 1 in the Appendix) the 
  17 
catheter would start at the bottom most row of available tables, which will be referred 
to as the “preparation tables.” After starting at the preparation tables, the catheter 
would move to the opposite side of the floor to work its way back around to where it 
started.  Not only would the product be backtracking, but also the potential traffic that 
the catheters’ pathway would cause make for a compelling reason enough to make the 
change. Therefore, the alteration was made to the line, resulting in the following layout 
shown in the Appendix, Figure 2. The adjustment to the layout adds many benefits to 
the manufacturing process. The catheter travel distance was reduced from 240 feet to 
70 feet, a total of 140 feet per cycle saved. The reduction of travel distance translates 
into a monetary cost savings that will be explained in detail in later sections of the 
report. Creating an improved product flow was the intention of the new configuration, 
and from a lean standpoint, the reduction of wasteful movement is important.   
  Another aspect of the production line that was improved was the ergonomics of 
the actual assembly process. As mentioned before, the catheters themselves were quite 
long, and oftentimes difficult to manage. While the operator would be working on the 
one end of the catheter, the other end would be sliding off the work surface and would 
constantly be in need of adjustment. Even though the entire assembly line was 
contained within a clean room, the operators were instructed to keep the product from 
touching the ground as much as possible. To assist with this issue, catheter channels 
were implemented to manage the material. The channels were made out of clear PVC 
pipe as pictured in Figure 4 below. 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Figure 4. Example of Clear PVC used for Catheter Channels 
The pipe was cut in half to serve as a convenient trench for the catheters to be placed 
while being worked on. The pipe was then installed along the outer edge of the 
workstation benches. After receiving feedback from the operators working on the line, it 
was reported that it was much easier to focus on the process at hand instead of 
worrying about keeping the catheter off the ground. Although this improvement was 
not noted quantitatively, the addition enhanced the quality of work and the efficiency of 
the operator by eliminating distraction.  
  Another purpose for the catheter channels was to create a more functional 
visual kanban system for the operators to follow. The channels provided a fit area for 
the catheters to be placed while not being worked on. Before the channels were 
implemented, the catheters would sit on hanging racks behind the operators while 
waiting in the work queue. The visual kanbans also encourage more of a single piece 
flow in comparison to the batching approach when using the hanging racks. In this case, 
the installation of the channels serves as an ergonomic benefit, while also incorporating 
Lean practices into the system in place. 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Process/Time requirements 
  A total of twenty‐five steps are necessary to assemble one complete catheter. 
These twenty‐five steps include some preparatory steps, all the way to final assembly, 
inspection, and packaging. The majority of the process steps require extensive training 
in soldering and assembling at a microscopic level.  A complete understanding of the 
catheter assembly was necessary when attempting to make improvements. Therefore, 
much effort was put into familiarizing with the process. The details and actual titles of 
each step will be referenced by its specified Manufacturing Process Instruction (MPI) 
number in order to maintain the intellectual properties of both the product and the 
process.  The list of MPIs can be found in the Appendix in Table 1.  
  In order to continue on to the next steps in analyzing the process capabilities, 
the steps within the assembly line needed to be standardized. An established start and 
end time to each process is essential in taking accurate time studies and also very 
important for any manufacturing process to eliminate variation.  To standardize the 
procedure, I was required to modify the Manufacturing Process Instructions both for the 
operators and the engineers’ future reference. Making changes to the MPIs was crucial 
in providing consistency for the manufacturing process across the board. Design Change 
Notifications were completed and recorded for the company as a whole to view the 
progress of said MPIs. In the medical device industry, it is common practice to track 
every modification on paper in the event of an audit. 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Time Studies  
  The purpose of completing time studies was to gather information to better 
understand the time and labor necessary to produce. The standards that the 
manufacturing team was referring to were incomplete and based off of only a few time 
trials. Due to the infrequent nature of the catheter builds at the time, the opportunities 
to collect data were few. However, data was collected for thirty complete trials in 
accordance with the Central Limit Theorem’s rule of obtaining at least thirty random 
samples. The detailed outcome of the time studies will be discussed further in the 
Results section of the report.  
 
Analysis of Non Value‐Added Activity 
  While conducting time studies, other activities were also recorded. For example, 
the time spent setting up and sterilizing the workstations, distributing material to the 
appropriate areas, and other various preparatory actions. Because a lot of the time was 
spent on these non value‐adding activities, it was decided to take this into account while 
calculating the takt time for the desired demand.  
The non value‐added activity was manually recorded for a few days. The 
frequency and the estimated time spent on such activities are logged as seen in Table 2 
in the Appendix. The execution and duration length of the activities were dependent on 
where the workers left off on the previous day. Therefore, some days required more 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time than others. Table 1 below summarizes some of the other activities and their 
durations on average on a per day basis. 
Table 1. Non Value‐Added Activity Summary 
Activity  Average Duration 
Ultrasonic cleaning  6 minutes 
Morning Prep*  45 minutes 
Issue Material  13 minutes 
End of Day Cleanup  15 minutes 
Breaks  50 minutes 
Total  129 minutes 
* Morning Prep includes sterilizing stations, cutting heat shrink to size, setting up 
equipment, replacing blades and other spare parts.  
  The table shows that on average 129 minutes, or 2.15 hours, per day are spent 
on activities other than production. However, due to the infrequency of the catheter 
builds, a lot of the steps to setting up were disproportionate to the lot size. It was 
implicated that as the lot size increases the time spent on preparation would decrease 
per unit.  Therefore, to create a more conservative figure for non‐value added activity, 
an approximation of 1.5 hours was allocated. A more detailed look at the calculations of 
the allocation of minutes can be found in Table 3 in the Appendix.  
Out of an eight‐hour workday, an approximation of six and a half hours was 
determined as adding‐value to the finished product. To calculate the takt time the 
amount of available time is divided by the demand. The computation below shows how 
the takt time was derived for this process: 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 For a weekly demand of 200 units, the takt time is computed out to equal 9 
minutes and 45 seconds. The takt time calculation is adjustable for any desired demand 
and is used to set the pace for the production rate. In order for a catheter to be 
produced at the rate of the calculated takt time, each process step must be at most 9.75 
minutes. An operation can only be as fast as its slowest process, therefore, affecting the 
operation’s throughput. As part of Asthmatx’s projection of future growth and 
production needs, the desired throughput is driven by the predicted demand. 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Methods 
The Methods portion of the report deals with how the optimal solution was 
developed. As discussed in earlier sections, the goal of the project was to prove that 
Asthmatx is capable of producing at a near commercial rate. The tools and resources 
used to analyze the data collected will be explained fully. 
 
Excel Metric 
  An integrated Excel spreadsheet was created by one of the Senior Manufacturing 
Engineers to manage the data that was being collected throughout the process as seen 
in Figures 3a and 3b in the Appendix. The Excel workbook was split into two working 
sheets that were associated. The first sheet mimicked a flow process chart and 
highlighted each element in each process step as shown in Figure 3a in the Appendix. 
This was where the data from the time studies were entered and titled the 
Manufacturing Line Data Sheet. The second sheet’s output was controlled by the data 
from the Manufacturing Line Data and consists of graphs and process metrics. This sheet 
was referred to as the Manufacturing Line Metrics Sheet and is shown in Figure 3b in 
the Appendix. This section will cover the applications of the spreadsheet and the details 
of the generated outputs. 
The Manufacturing Line Data spreadsheet organized each Manufacturing Process 
Instruction by sequence, as well as, categorized the cycle time into set up time, quality 
check time, move time and distance, and operation time. Finally, the total cycle time for 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each specific time was calculated for each of the MPIs by taking the sum of the four 
categorized times. By separating each steps’ cycle time into parts, an estimation of the 
percentage of time spent on each of the categories (set up time, quality check time, 
move time, and operation time) were calculated and graphed in the Manufacturing Line 
Metrics spreadsheet. Breaking down the data into parts was valuable for the engineers 
to confirm the standard time of the process.  While the breakdown of work was an 
approximation, the figures were very educated estimates based on observation and a 
limited amount of data collection. Because of this, the breakdown and categorization of 
the process cycle times will not be analyzed in detail in this project. 
The Manufacturing Line Metrics spreadsheet displays information in a more 
illustrative manner. It serves mostly as a dashboard and a quick reference to visually see 
the process cycle times in relation to the takt time. The two bar graphs in the 
spreadsheet represent different measurements. The first bar graphs shows the process 
times with the green portion representing the time within the desired takt and the 
red/yellow portion represents the time exceeding the takt. The second set of bar graphs 
illustrates the process cycle times in relation to utilization, where the red signifies 
waste. The tables on the spreadsheet also contain a lot of important performance 
metrics. Figure 5 below is a close up of one of the tables. The table of focus for the 
purposes of this project is the Demand Constraints table as it controls the takt time 
calculation based off of the inputted figures. The blue numbers in the Demand 
Constraints table are the figures that can be manipulated by the user, while the black 
numbers are the formulated output cells. 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 Figure 5. Manufacturing Line Metrics Tables 
  Overall, the metric was constructed to help visually conceptualize the meaning 
behind the time studies. Also, the spreadsheet will be simple to update as newer, more 
accurate data is collected for future analysis. One point of focus while developing the 
spreadsheet was to maintain traceability and ease of use. The intent was to create 
something that could be functional for any employee and easy to pick up on. Therefore, 
the creation of formulated cells and the use of comments was updated and edited 
frequently. Because the user is also able to modify certain areas, such as the demand 
capacity and available time, the functionality of the Excel spreadsheet is capable of 
outputting performance metrics quickly. 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Results  
  The results from the analysis of the time studies will be discussed throughout 
this section of the report. In addition, a brief economic analysis will justify the legitimacy 
of the project. 
Learning Curve   From the collected time studies, we were able to make more accurate decisions 
about the changes to the production process. The outcome of the time studies can be 
found in Tables 4a, b, and c in the Appendix. The results displayed a rather steep 
learning curve in that the operators first trial was considerably faster than say the tenth 
or fifteenth timed trial. The learning curve was analyzed for some of the longer 
processes in the assembly line. For example, MPI 0256 showed a great reduction in cycle 
time. This particular process step involved intricate soldering under a microscope. From 
Table 4c in the Appendix, the process displays a great range in time with its longest trial 
at 26.86 minutes and its fastest at 11.30 minutes. Figure 6 on the following page is a 
scatter plot of MPI 0256 time trials created in Excel with its appropriate trend line fit to 
the data. 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Figure 6. Learning curve graph for MPI 0256. 
From the estimated trend line equation, the slope can be extracted. The slope in the 
learning curve equation is also equal to the learning percentage. To calculate the slope, 
the equation is interpreted as follows: 
                                     
       
   Where, y = Unit value of the Xth unit 
    A = Theoretical 1st unit value 
    X = Unit number 
    B = log(slope)/log(2) 
 
Therefore,   
      
     
y = 32.53x‐0.24 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The learning percentage for MPI 0256 is 84.2%. Therefore, data collected proves that 
the average operator will experience improvements in trial time by 84%, which is typical 
for repetitive operations.  
  The learning curve calculation for MPI 0256 was just one example of the 
application of generating a more realistic estimation for process times. For the process 
steps that showed a significant improvement, the learning percentages were 
accumulated on a spreadsheet found on Table 5 in the Appendix.  
 
Line Balancing 
The results from the time studies and the learning curve analysis were then 
entered into the Manufacturing Line Data spreadsheet. Figure 4 in the Appendix shows 
the Manufacturing Line Metrics initially before any adjustments were made to balance 
the line. Assuming that each bar is representative of one operator on the line, there is 
an initial need for 23 operators to satisfy the current model.  The first bar graph shows 
at least six of the process steps or operators exceeding the takt time of 9.75 minutes. 
Meanwhile, the utilization bar graph shows a lot of red, indicating excessive waste. 
Clearly, there is a lot of opportunity to improve upon the production line as it currently 
stands.  
To balance the line, the main goals were to combine processes not to exceed the 
takt time of 9.75 minutes, consequently decreasing the amount of operators. This was 
achieved by splitting some of the longer processes between two operators, ultimately 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cutting the cycle time for that particular process step in half. One detail to keep in mind 
during the modification of the line was to combine steps without disrupting the flow of 
the production line. In addition to line balancing, it was decided by management to 
negotiate the outsourcing of a couple of the process steps that could be handled by 
current suppliers. By eliminating these tasks two operators were freed up immediately. 
Figure 5 in the Appendix show the proposed sequence of the catheter production after 
balancing the line and outsourcing.  
The first aspect of improvement was the reduction of operators on the line. The 
number of operators needed went down from 23 people to 17, a total labor savings of 6 
operators. In addition, each of the steps are within takt and the overall utilization 
increased significantly just from looking at the reduction of red throughout the bar 
graph. Table 6a and 6b in the Appendix shows the MPI sequence before and after line 
balancing. The table indicates which MPIs were split between operators and which ones 
were combined to create on optimized flow of material. This table also shows a cycle 
time difference of about 30 minutes after the affect of line balancing. 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Economic Analysis   The total calculated savings can justify the improvements made to the Asthmatx 
production line. The reductions in travel distance, labor, and cycle time each have an 
associated cost savings shown in Table 2 below.  
First, the travel distance saved from the facility reconfiguration was rationalized 
by taking into account the pace of an average human walking speed of 3 miles per hour. 
The pace was then related to the cost of labor, resulting in a total cost savings of 
$6,439.39 per year. Next, the labor reduction of 6 operators was related once again to 
the cost of labor. The operating technicians at Life Science Outsourcing were paid at a 
rate of $60 per hour. Assuming the operators work around 50 weeks per year, the 
associated cost savings came out to $720,000 per year. Finally, a total of 30 minutes was 
saved after the balancing of the production line. At a rate of 200 units per week, the 
cycle time reduction results in a total of $300,000 savings per year. 
The sum of the three improvements comes out to a grand total of $1,026,439 
savings per year. 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 Table 2.  Economic Analysis  
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Conclusion   The main objective of this project was to assess the Asthmatx production 
capabilities as they prepare for a potential increase in demand. After a facility 
reconfiguration, collection of time studies, and balancing of the line, Asthmatx can in 
fact operate at a commercial demand rate of 200 catheters per week. The 
improvements made to the production line also had an economic benefit with an overall 
cost savings of just over a million dollars annually.  
It is recommended, based off of the findings of this project, to operate with 17 
workers at a single shift per day. In the case that the product demand increases to an 
even greater rate, the possibility of adding another shift or creating another line would 
be one option to consider.  
  This particular project was an excellent example of the economic and effective 
impacts of Industrial Engineering techniques. It was a great opportunity to exercise 
some of the key problem solving approaches and also gain an understanding of an 
Industrial Engineers’ roles and responsibilities within a business. 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Appendix   
 Figure 1. Flow Process Diagram of Initial Layout   
 Figure 2. Flow Process Diagram of Current Layout 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Table 1. Time Study Template and List of Manufacturing Process Instructions
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Table 2. Non Value‐Added Activity Log Set Up/Clean Up Log
Date Time Activity
7/24/08 7:00 - 7:15 Ultrasonic cleaning
7:05 - 7:20 Cleaning benches
7:20 - 8:00 Distribute material
7:25 - 7:32 Diluted neutralizer
7:25 - 7:37 Set up equipment
7:20 - 7:30 Cutting insulation
7:45 - 8:05 Cutting heat shrink
7:40 - 7:45 Set up TC wires
7:45 Start load TC
7:55 Cut forming heat shrink
8:00 - 2:00 Electrode Insulation
8:12 Operators are all seated and working
8:45 - 9:05 Morning break
12:00 ~ 12:35 Lunch break
1:30 - 1:50 Afternoon break
3:25 - 3:30 Begin to clean stations
7/25/08 7:05 - 7:15 Clean benches
7:05 - 7:12 Diluted Neutralizer
7:10 Turn on air
7:10 - 7:20 Look over work order
7:15 - 7:25 Set out materials (flux, neutralizer etc.)
7:27 All operators are seated and working
8:47 - 9:10 Morning break
9:10 - 9:25 1/2 of the girls are doing other work or not working 
at all- waiting for next catheter. Due to problems 
with the distal tip curing station
11:00 ~ 11:35 Lunch break
1:30 - 1:50 Afternoon break
3:10 Winding down (taking out trash, clean finished 
stations)
3:27 Clean up
End of the day- 7 catheters through final inspection
7/28/08 7:00 Turn on power on equipment
7:08 - 7:25 Prepare stations
7:10 - 7:20 Go over work order
7:15 - 7:23 Line clearance paperwork
7:27 Start working
8:45 - 9:05 Morning break
10:45 - 11:00 Set up clean and package
11:00 ~ 11:35 Lunch break
1:05 Catheters packaged and ready to move
1:10 - 1:30 Move to LSO QC inspection
1:30 Moved outside of clean room to boxing
1:50 - 2:10 All MPIs finished, waiting for QC
2:10 - 2:15 LSO QC 
1:50 - 2:27 Paperwork, close work order
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Table 3. Three‐Day Summary Table 
Day 1 Day 2 Day 3 Average
U.S. Cleaning 20 0 0 6.67
Morning Prep 72 22 40 44.67
Issue Material 40 0 0 13.33
Clean up 5 20 20 15.00
Breaks 50 50 50 50.00
Daily Totals 187 92 110 129.67
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Figure 3a. Manufacturing Line Data Spreadsheet 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Figure 3b. Manufacturing Line Metric Spreadsheet 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Table 5. Summary table to learning percentages per MPI  
MPI B value Slope/Learning Percentage 
256 -0.24 84.67% 
251 -0.21 86.45% 
253 -0.08 94.61% 
257 -0.34 79.00% 
258 -0.1 93.30% 
273 -0.09 93.95% 
259 -0.16 89.50% 
260 -0.11 92.66% 
262 -0.21 86.45% 
265 -0.06 95.93% 
272 -0.37 77.38% 
268 -0.21 86.45%  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Figure 4. Manufacturing Line Metric before line balancing 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Figure 5. Manufacturing Line Metric after line balancing 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Table 6a. Production Sequence before line balancing 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Table 6b. Production Sequence after line balancing 
  
